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DF: Nakagami-m, BPSK, N=16; R-MMSE, D-MMSE
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Fig. 2. BER performance of MR-DS-CDMA systems where both relay
and MTs use MMSE-MUD, when communicating over Nakagami-m fading
channels.
Additionally, in the RMD/MS-MMSE MUD algorithm,
given the initial weight matrix W W W(0), the weight matrix at the
following iterations can be updated according to the formula [9]
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if the real part of a symbol is detected, or
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when the imaginary part of a symbol is detected. In (17) and
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correspond to the
symbol detected at the (s − 1)th detection stage, P P P(s) is a
permutation matrix obtained fromI I I2N by deleting the columns
corresponding to the symbols having been detected.
IV. PERFORMANCE RESULTS
Figs. 2 - 4 show the BER performance of the MR-DS-CDMA
systems using BPSK modulation, when different combinations
of detection algorithms at relay and MTs are employed. Specif-
ically, in the context of Fig. 2, the conventional MMSE-MUD
is employed at both the relay and the MTs. For Fig. 3, the relay
employs the RMD/MS-MMSE MUD, while the MTs employ
the conventional MMSE-MUD. Finally, in the MR-DS-CDMA
systems for Fig. 4, the RMD/MS-MMSE MUD is employed at
both the relay and the MTs. In these ﬁgures, the curves notiﬁed
as K = 1 (OSUB) are the one-hop single-user bounds, which
are the error probabilities of corresponding DS-CDMA systems
supporting single user. Furthermore, in Figs. 3 and 4 when
the RMD/MS-MMSE MUD is employed, the BER of overload
MR-DS-CDMA systems supporting K = 25 > 16 MTs was
also depicted.
From the results of Figs. 2 - 4, we can observe that, when
the channel fading becomes less severe, i.e., as the value of
the fading parameter m increases, the BER performance of the
DF: Nakagami-m, BPSK, N=16; R-RMD/MS-MMSE, D-MMSE
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Fig. 3. BER performance of MR-DS-CDMA systems employing RMD/MS-
MMSE MUD at relay and MMSE-MUD at MTs, when communicating over
Nakagami-m fading channels.
DF: Nakagami-m, BPSK, N=16; R-RMD/MS-MMSE, D-RMD/MS-MMSE
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Fig. 4. BER performance of MR-DS-CDMA systems with both relay and MTs
using RMD/MS-MMSE MUD, when communicating over Nakagami-m fading
channels.
MR-DS-CDMA systems improves. We can deduce from the
results that the RMD/MS-MMSE MUD signiﬁcantly outper-
forms the MMSE-MUD. This can be reﬂected by the following
observations. First, when comparing the BER performance
corresponding to the cases with m = 1 and K = 16, we can see
that the BER performance in Fig. 3 is better than that in Fig. 2,
while the BER performance in Fig. 4 is better than that in both
Fig. 2 and Fig. 3. Second, when comparing Fig. 3 with Fig. 4,
which considered similar cases, we can observe that, for the
K > 1 cases, the BER performance shown in Fig. 4 is usually
much better than the corresponding BER performance shown
in Fig. 3. Furthermore, when the RMD/MS-MMSE MUD is ap-
plied at both the relay and the MTs, as shown in Fig. 4, the MR-
DS-CDMA system is capable of achieving a reasonable BER
performance, even though the system is signiﬁcantly overload
with K = 25 > 16. Additionally, from the above observations,
we can be implied that, in Fig. 3 when the RMD/MS-MMSE
MUD is applied at the relay, the BER performance of the RMD-
DS-CDMA systems is mainly limited by that achieved by the